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Age a *** ns ns ns Sex • *** *** *** *** Two-way analysis of variance; ns, P > 0.05; ***, P < 0.001.
METHODS
Data collection.--Juncos were captured during the 1989 autumn migration at Powdermill Nature Reserve, field station of the Carnegie Museum of Natural History, Westmoreland County, Pennsylvania (for a detailed description of the study area, see Mulvihill and Chandler 1990). For each individual (n = 51), we carefully traced the outline of the fully extended right wing onto graph paper. We assumed that any measurement error associated with the tracing process was random with respect to age or sex of the bird. We also recorded the unflattened wing length (to the nearest 0.5 mm), body mass (to the nearest 0.1 g) on an electronic balance, and fat score (ranked from 0 to 3; Leberman 1967). All measurements were performed by the same person (Mulvihill). Although fat scores are subject to many sources of error, they are relatively reliable when assigned by a single, experienced observer working within a species (Krementz and Pendleton 1990). To quantify more precisely the relationship between body mass and fat scores (and thus wing loading), we supplemented the data from the 51 juncos for which we measured wing areas with data on body mass and fat scores from a sample of 1,107 fall-migrating juncos (382 adult males, 232 adult females, 204 immature males, 289 immature females) captured at Powdermill from 1987-1989. We weighed these birds and scored their fat levels exactly as we did for the 51 birds for which we measured wing areas.
Wing tracings were digitized (by
Statistical analysis.--Variances in wing length, body mass, wing area, and wing loading among age/sex classes did not differ significantly from homogeneity (F-max test; Fma• = 1.7, 1.6, 2.2, and 2.9, respectively; P > 0.05). The distribution of these variables within age/sex classes did not deviate significantly from normality (Kolmogorov-Smirnov test against standard normal distribution). Although sample sizes were small for rigorous tests, there was no evidence of pronounced deviation from homogeneity or normality.
We used two-way analysis of variance to assess differences among means for ages and sexes. Predictive equations relating body mass to fat score for each age/ sex class were calculated using Model I least-squares regression. Exponents for the allometric equations relating wing area and wing loading to body mass were estimated as the slope of linear regressions from loglog plots. Although body mass is subject to natural variation and was measured with error (appropriate for Model II regression; Sokal'and Rohlf 1981:460), we used a least-squares regression line because of its superior ability to predict wing area or wing loading for a particular body mass (Sokal and Rohlf 1981:549). We used analysis of covariance (ANCOVA) to compare the relationship of wing area and wing loading to lean body mass in male and female juncos.
RESULTS
Wing length differed significantly between ages and sexes of juncos, but body mass, wing area, and wing loading differed only between the sexes ( female (r = 0.50, df = 22, P = 0.01, ages pooled), but not male (r = 0.21, df = 25, P = 0.30, ages pooled) juncos. Wing loading was correlated with body mass in both females (r = 0.81, P < 0.001, ages pooled) and males (r = 0.83, P < 0.001, ages pooled). These correlations, however, may obscure two distinct sources of variation in body mass--short-term variation due to differences in body fat (fat scores) and intrinsic differences in "size" (i.e. lean body mass). We used a sample of 1,107 juncos to quantify more precisely the relationship between body mass, fat scores, and wing loading.
Wing loading and fat levels.--For each age/sex class, there was a significant linear relationship between body mass and fat score (Fig. 1) ; fat scores explained approximately 45% of the variation in body mass among adult juncos (males, 45.6%; females, 45.0%) and approximately 37% among immatures (males, 37.1%; females, 37.8%). On average, adult juncos add slightly more body mass per unit fat score than iramatures (Fig. 1) . Using the slopes of these predictive equations as an estimate of the change in body mass with a change in fat score (as scored at Powdermill), we calculated the expected change in wing loading (i.e. how much increasing fat scores would increase wing loading) for each individual in our sample given its wing area (Table 2) . In each age / sex class, individuals accumulating body fat sufficient to result in a change in fat score of one unit would add approximately 0.9 to 1.0 Nm -2 to their wing loading (Table 2) . Based on the changes in body mass predicted by the mass-fat regressions (Fig. 1) , adult and female juncos show significantly larger increases in wing loading per unit increase in fat score than iramatures and males (Table 2) 
where Y is lean body mass (in grams), a is body mass (in grams), b is the slope, and X is the fat score. The slope of the regression line (b) was appropriate for the age/sex class (Fig. 1) . Wing loading was then recalculated using lean body mass in place of body mass (minimum wing loading; Table 2 ). There was little or no relationship between wing area and lean body mass wing loadings comparable to the maximum differences observed among individual juncos (the sparrows were weighted artificially). Small differences in wing loading also contribute significantly to interspecific variation in maneuverability of bats (Aidridge 1986a, b). These results suggest that the sex-specific differences in wing loading among juncos are likely to be ecologically significant, with males enjoying a maneuverability advantage relative to females. Because of their higher wing loading, female juncos should be less maneuverable. Other things being equal, this could result in sex-specific differences in predation risk, foraging behavior (e.g. proximity to cover) or social interactions (e.g. group size). This interpretation is complicated by the fact that the wing shape of female juncos differs significantly from that of males ( (Fig. 1) and an appreciable addition to wing loading (Table 2) Unexpectedly, this cost differs among both ages and sexes (Table 2) . Future researchers should consider that equal increases in fat score do not necessarily result in equal increases in wing loading among ages or sexes.
The effects of fat on wing loading also may have implications for the differential winter distribution of age/sex classes of juncos (Ketterson and Nolan 1976, 1979) . Although all age/ sex classes experience increased wing loading at higher fat levels, females begin with higher minimum wing loading and show the greatest increase in loading per unit fat score (Table 2) . Within a sex, adults show significantly greater fat-related increases in wing loading than immatures (Table 2) Scaling relationships observed at the interspecific level, however, are not reflected at the intraspecific level in juncos (also, see Norberg 1990: fig. 10.1) . Although wing area and wing loading increase with lean body mass in juncos, calculated exponents (estimated as the slope of regressions from log-log plots; Fig. 2 ) deviate substantially from those based on interspecific comparisons. Wing area increases slowly with increasing body mass in both male and female juncos (Fig. 2) . As a result, larger (heavier) juncos have relatively greater wing loading than smaller ones in both sexes (Fig. 2) 
